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ABSTRACT 


The work presented in this paper is devoted to the control of a photovoltaic 
system connected to grid by a three-level diode clamed inverter. A control 
structure based on three parts: dc link voltage control, power injected control 
and current control is proposed. In this work, the random PWM strategy is 
used to generate control signals for the multilevel inverter used us an 
interface to connect photovoltaic generators to the grid. Numerical 
simulations are performed using MATLAB/Simulink software, the 
simulation results for the proposed system indicate the performances of the 
proposed control structure, minimization of harmonics by the random PWM 
strategy applied and injection to the grid more active power by the multilevel 
inverter structure. 
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1. INTRODUCTION 

Currently, renewable energies are considered as the alternative to fossil combustible in order to 
reduce pollution. The grid connected PV systems generally use a two-level inverter to send to grid the 
generated PV power, or it used to feed linear and nonlinear loads connected at the ac side [1-6]. Nevertheless, 
the conventional inverter is very limited in its output voltage levels. It only gives three levels of phase to 
phase output voltage and poor spectral quality [7-8]. To deal with this problem, researchers have proposed 
other structures called multilevel inverters to perform these grids connected photovoltaic systems such as: 
flying capacitors structure, the cascaded H-Bridge structure, the diode clamped inverters structure and the full 
bridge with cascaded transformers inverters. Theses multilevel inverters allow obtaining high output voltages 
with better spectral quality moreover; they offer several possibilities for the connection of photovoltaic 
generators or batteries to their continuous bus [9-14]. 

In literature, many works have used three level inverters in grid connected photovoltaic systems and 
proposed several control strategies for it. In [15], authors present the control of a three-level Neutral Point 
Clamped (NPC) voltage source inverter for grid connected photovoltaic (PV) systems; the control method 
used is the Extended Direct Power Control (EDPC), which is a generic approach for Direct Power Control 
(DPC) of multilevel inverters based on geometrical considerations. Also, in [16], authors used to control the 
three-level inverter, a modified version of voltage-oriented control (VOC) method and the space vector pulse 
width modulation (SVPWM) technique. To reduce the harmonic content of grid-connected current and to 
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improve the dynamic response of the system, a single-carrier pulse width modulation method is presented for 
T-type three-level inverter in [17]. 

In this paper, a photovoltaic system connected to grid based on a three-level inverter which allows 
connection of one or two PV generators across the capacitors in the DC bus is proposed. The control 
structure proposed is composed of three parts: control of the DC bus voltage, control of power sent to 
network and current control. To control the three-level inverter, Random PWM control strategy is used. With 
this control strategy, the electromagnetic acoustic noise can be spread to the wideband area and a low THD 
of grid current can be obtained. 

The paper is organized as follow: sections 2 illustrates the modelling of the proposed system, section 
3 is devoted to the control of this proposed system, Then, in section 4 the simulation results are presented, 
finally in section 5 the conclusion of this study. 


2. MODELING OF THE PROPOSED SYSTEM 

The proposed system is shown in Figure 1. It consists of two photovoltaic generators connected to 
the three levels Diode Clamped Inverter through a DC bus; the multilevel inverter is connected to grid 
by a filter. 





Gnd connexion 


Figure 1. Proposed grid connected photovoltaic system structure. 


2.1. Photovoltaic generator modeling 

Solar cells are usually associated in series and in parallel, and then encapsulated under glass to 
obtain a photovoltaic module. PV modules are usually connected in series-parallel to increase the voltage and 
current at the photovoltaic generator output. The interconnected modules are mounted on metallic supports 
and inclined according to the desired angle depending on the location. Study and modeling of a photovoltaic 
generator and the I-V characteristic is based on a cell elementary modeled by the well-known equivalent 
circuit of Figure 2. 

This circuit introduces a current source and a diode in parallel, as well as series resistance Rs and 
parallel resistance Rsh to take into account the dissipative phenomena [18]. 


V+LRs V+LRs 
I = Iph — ls (ex cE) - 1 -s (1) 


Rsh 





q 





Figure 2. Photovoltaic cell equivalent circuit. 
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For a PV module with Ns series connected cells and N, parallel connected cells, the current- voltage 
characteristic 1s given by: 


_ _ 1 \ (v4 Rel) y]_ Ne (Wy Ret 
I = Ny. lpn — Np. Is e(a) EE) 1| we (E+) (2) 





Where: 

lpn: The photo-current, 

I,: The saturation current of diode, 

m: ideality factor, 

R,and R,,: series and parallel resistance, 
T: junction temperature, 

K: Boltzmann constant, 

q: electron charge. 


2.2. Model of DC/DC converter 
The DC / DC converter used in this work is the most frequently used as boost converter (Boost) as 
shown in Figure 3. 


C1 C2 


Figure 3. DC/DC Converter Structure. 


This converter is modeled by the following equations: 


_ ov 
Mo =" Gem (3) 


I,=1.1-a@) (4) 





Where a, Vo and Io respectively denote the duty cycle, the voltage of output and the output current 
of the Boost converter. The cyclic ratio a, is the MPPT control system output (P & O). 


2.3. Model of three level diode clamped inverter 

A three-phase three-level diode-clamped inverter is shown in Figure 4 [19]. It is composed by three 
arms and two DC voltages. Each arm has four switches in series and two median diodes. Each switch consists 
of a transistor and an antipallel diode. The midpoint of each arm is connected to a DC source voltage (Uc). 
With a capacitive voltage divider formed by the filter capacitors Cı and C2 of same capacity C, we obtain two 
secondary DC sources each delivering a half voltage (Uc / 2). Being connected to each other at a neutral 
point noted O. 


For each leg of the inverter, we define three connection functions, each one is associated to one of 
the three states of the leg: 


Feij = Fij. Fo; 
Foaj = Faj. Fj (5) 
Fogj = F3j. Faj 


As indicated in Table 1, each leg of the inverter can have three possible switching states P, O, N. 
The output voltages of a three-level diode clamped inverter are expressed as follows: 
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Uc 








Vio Fai Fez Fezail (3 
Voo} = |Fea2 Fez2 Fe32|.10 (6) 
V30 Fag Fez3 Fegz3d | 








Table 1. States of one leg of 3 level DCI 


Mire | Fr Fk2 Fkg3 Fra Vg State 
Caf | 0 0 1 1 E. N 
l 2 
0 1 1 0 0 O 
1 1 0 0 U: i P 
f p 2 
ii 1 0 0 1 unknown 











Figure 4. Three level diodes clamped inverter (DCI). 


3. THE PROPOSED CONTROL STRATEGY 
The objective of control structure is to regulate the DC-link voltage and to set a unit power factor. 
Figure 5 shows the whole bloc diagram of the control structure. 
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S) 
LO 
P; P, Og ref 


Figure 5. Bloc diagram of the control structure 


3.1. DC/DC converters control (MPPT control) 

The principle of this command is to generate disturbances by decreasing or increasing the cyclic 
ratio a and to observe the effect on the power delivered by the photovoltaic generator [20-21]. Its algorithm is 
illustrating in Figure 6. 
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Start P&O algorithm 
Mesure of V(k ) et I( k ) 


P (k)=I(k)*V(k) 
A P=P( k )-p( k-1 ) 
AV=V( k )-V( kel ) 







Yes 





V (k+1)= V(k) +AV V (k+1)= V(k)- AV 


Figure 6. Flowchart of P&O algorithm. 


3.2. DC bus control 


O 1551 


V (k+1)= V(k)- AV V (k+1)= V(k) +AV 


The DC voltage corrector is used to regulate the DC bus and sets the active powerP gref. Figure 7 


illustrates the bloc diagram of DC voltage control. 


Vacref 





Figure 7. Bloc diagram of the DC bus control. 


The DC link voltage must respect the condition: 


V3V fmax 


Mmax 


Vac ref > 


Where: 
V fmax: Maximum of phase voltage 


Mmax : Regulation index 
The capacitance of the DC link is obtained by the relation: 


(7) 
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2.P 20.1072 
C — max g 
ae Udc*.(1-k2) (8) 


U A 
Where: k = S 
Udc 


P nax : 1S the maximal power of the photovoltaic generator 
The voltage U4gcmin must be carefully chosen to ensure the controllability of the current at all 
operating points. 


3.3. Power control 
The active and reactive power (Pg, Qg) can be both expressed by using Park components of supply 
voltage (Vig, Veg) and line current (Ita, tq) as follows: 


A = Via- lta -+ Vra: lta (9) 
Qg = Vra- lta — Vta: lta 


Reference currents (Itaref» Itqref) which allows setting the desired reference active and reactive 
powers(P gref» Qgres), as follows: 


PgrefVta—Qgref Vtq 


I = 
tdref Via? ig ia 
I = Pgref-Vtq-Qgref-Vta ( ) 
tdref Via? Fg 


The unity power factor is obtained simply by setting the reactive power reference null. We can also 
generate or absorbe (Qgref <0 or Qgref > 0). 


3.4. Current control 

The vector current control in Park reference frame is carried out by using the synchronized reference 
with the grid voltage. Bloc diagram as shown in Figure 8. The electric equations of the filter (R+, Le) 
connected to the grid are given bellow: 


dI 
Vig = Rtlta + L,—* — WsLtlta + Vsa (1) 


dlt 
Vig = Relea + L; oT a WsLeltg + Veg 





Decoupling Compensation Correcteur 


Figure 8. Bloc diagram of the current control 


3.5. Random PWM control strategy for the three levels DCI 
The PWM based on the comparison between the carrier wave which is in the most time triangular 
and the reference wave which is even provide directly by the programmer or by the far control technique like 
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scalar or vector speed control. the switching instants depend the intersection between the two waves, in the 
PWM with a fix switching frequency the harmonics currents are shifted to the high frequencies which is good 
for the electrical point of view because the THD is low but for the others point of view it’s different. The 


; carrier wave frequency : 
harmonics are very concentrated around the m rang (m = ————————————_), so, we find that the 


reference wave frequency 
highest harmonics are the m + 2 than m + 4 etc..., the same with 2mand 3mand all the “m” multiple what 
we called harmonics families. 

The method is based on a random selection of the carrier frequency for each carrier period 
[22-25]. In this technique the randomization of frequency of carrier wave is by taking some times 
the carrier wave and the other times the inverse of carrier wave. So, for do this we work with PRBS 
(the random bits generator, Figure 9 which it generates random bites even 0 or 1. 






delay _7 delay_8 


Logical 
Operator 


Figure 9. PRBS 9 bits scheme 


In our scheme, PRBS signal is generated using a linear feedback shift register (LFSR), shown in 
Figure 9. It has 9 data storing units (delay line in optics), each unit is capable of storing one bit of binary data 
temporarily during one clock period. The whole system is synchronized with a clock. At each period, the 5 
and 9 bit goes through a XOR process. The XOR logic is used in the PRBS to drive the input bit with the 
XOR of some bits of the overall shift register value, also A XOR gate can give very short pulse duration 
(< 1 ps). Then, we take the result of PRBS and multiple with the carrier wave and the inverse of PRBS 
multiple with the inverse of carrier wave and add the both results like it’s been shown in Figure 10 and 
Figure 11. By using the PRBS scheme and the carrier wave and the reference scheme we can build the bloc 
of PRWM with pseudorandom carrier. 


| AN Gr wave 
Hid = 


Trangia camer 


the inverse of the triangle carrier 





ae i 0 0.005 0.01 0.015 0.02 0.025 
Time (s) 


Figure 10. Carrier wave generation Figure 11. Carrier wave form 


4. SIMULATION RESULTS 

In this section, the proposed photovoltaic grid connection system is simulated using 
MATLAB/Simulink. We have connected two PV generators (each generator is composed of 13 panels of 150 
W put in series) to the continuous bus as shown in Table 2. The reactive power is controlled by controlling in 


park frame the injected currents in the grid, we impose a grid reactive power equal to zero (Q, a 0), and 


the reference active power is calculated by the DC bus control bloc. 
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Table 2. Proposed system parameters 
Photovoltaic array Bps 150 


Pe 150 W Maximal power 
Vo 34.5 V Optimal voltage 
Isp 4.35 A Optimal current 
Voc 43.5 V open circuit voltage 
Te 4.75 A Short circuit current 
N, 5 / Number of series arrays 
Np 0 / Number of parallel arrays 
DC Bus 
Us 624 V DC bus voltage 
C 0.41 mF Capacitance of DC bus 
Filter 
R; 3 Q Filter resistance 
Li 0,05 H Filter inductance 
Grid 
V, 380 V Voltage 
F 50 Hz frequency 


Figure 12 shows P (V) and I(V) curves for PV panel. The profiles of irradiance of two PV 


generators are shown in Figure 13. 


P(V) curve of PV panel Bps 150 


I(V) curve of PV panel Bps 150 
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Figure 12. P (V) and I (V) curves for PV panel. 
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Figure 13. Irradiance profile of each PV generator 
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Figure 15. Grid active power 
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Figure 14. PV power of each PV generator and global 
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Figure 16. Grid reactive power 


Int J Pow Elec & Dri Syst, Vol. 11, No. 3, September 2020 : 1547 — 1556 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 MO 1555 






























































































































































































































































_— m : | bo a M 

: | = p l i 
0 1 2 3 4 ie 6 7 8 9 10 O -400 - 5 EO a 
Figure 17. Voltages Uc; and U.2 Figure 18. Grid voltage and current 


Figures 14, 15 and 16 respectively show the total produced photovoltaic power, the active power 
and the reactive power transmitted to the electrical network. These results show that all the PV power 
produced is injected to grid with a unit power factor because we have imposed a reference reactive power 
equal to 0. Figure 17 shows the voltages of the two capacitances of the DC bus. The two capacitance are 
equal (Ci = C2= 0.2 mF). the grid voltage and the grid current of phase lare illustrated in Figure 18. 
Figures 19 and 20 respectively represent the output voltage of the three levels DCI and its harmonic analysis 
(THD = 35.40 %). 
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Figure 19. Output voltage of phase 1 of the 3 level Figure 20. Harmonic analysis of output voltage V: 
DCI 


5. CONCLUSION 

This paper presents the advantages of three level diodes clamped inverter for grid connected 
photovoltaic systems. The proposed system produces less dv/dt stresses imposed on the switching devices 
and generates fewer harmonic in voltage and current by using Random PWM control strategy. The using of 
three levels DCI, allows connecting two PV generators to the grid. Also, it possible to transmit more power 
to grid by increasing the DC bus voltage, and a reduction of the filter elements. The circuit provides good 
decoupling of the voltage loops Va and Vq since the Vq remains constant under variations which shows high 
dynamic performances of the controllers. Thus, the active and reactive power follows quietly the reference 
signals. The grid voltage and current are in phases there by the power factor at the grid connection is 
almost unity. 
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